Mating systems can vary within-species but the environmental drivers and behavioral mechanisms underlying this variation are seldom investigated experimentally. We experimentally assessed how individual behavioral plasticity in response to changes in pool and group size resulted in fundamental shifts in mating systems in water striders. We observed the same animals in larger and smaller pools, mimicking variation in pool size in natural streams, and observed a rapid, reversible change in the entire mating system. In large pools, striders exhibited scramble promiscuity with intense sexual conflict. Most males were active, harassing and driving females into hiding. Matings were frequent and typically lasted for more than 100 min. In contrast, when placed in small pools, the same animals often exhibited harem polygyny where the largest male drove other males into hiding, but allowed females to be relatively active. Matings were less frequent and of much shorter duration. Harem polygyny took several days to emerge after animals were moved to small pools, while these same animals returned to scramble promiscuity within hours after being moved to larger pools. Such variability in mating systems likely has important implications for the evolution of individual mating tactics.
INTRODUCTION
An important goal at the interface between ecology, evolution, and behavior involves understanding the effects of the environment on social dynamics that, in turn, influence the relative fitness of individuals with different phenotypes. In particular, there has been a longstanding interest in understanding factors that drive variation in mating systems and sexual selection (Emlen and Oring 1977; Krupa and Sih 1993; Gosden and Svensson 2008; Cornwallis and Uller 2010; Siepielski et al. 2011) . At a broad level, for example, what factors explain why within a clade, some species are monogamous and others polygynous? Although it is common to characterize species as having a typical mating system, there can also be spatial or temporal variation within-species in mating systems (Schradin et al. 2012) . For example, female dunnocks (Prunella modularis) reproduce either in monogamous pairs or in groups which can be polygynous, polyandrous, or even polygynandrous depending on food resources (Davies and Lundberg 1984) . Similarly, feral cats (Felis catus) can exhibit territorial polygyny or scramble promiscuous mating systems depending on the density and spatial aggregation of females (reviewed in Say et al. 2001) . When a population exhibits a shift in mating system (e.g., from 1 year to the next), key questions are-what social or ecological factors drove the change and what behavioral mechanisms linked the environmental change to the change in the mating system? Are there key individuals (Sih and Watters 2005; Modlmeier et al. 2014a ) that exert widespread influences that alter the mating system for the entire group?
In most cases, inferences on ecological factors explaining variation in mating systems are based on correlating spatiotemporal variation in key factors with parallel, within-species variation in mating systems (Kokko and Rankin 2006; Schradin et al. 2012) . Few studies have experimentally manipulated ecological conditions to test effects on the entire mating system (but see Davies 1992a, 1992b) . This relative paucity of experiments is likely due to logistical difficulties associated with the large spatial scale of many mating systems and the possibility that a long time may be required for a new mating system to emerge.
In contrast, numerous studies have experimentally manipulated ecological (e.g., food availability, predation risk) or social (e.g., density, sex ratio) conditions and quantified changes in individual social or mating behaviors. For example, increased predation risk results in reduced mate search (Sih 1994; Fuller and Berglund 1996) , altered calling or display behavior (Fowler-Finn and Hebets 2011) and reduced overall mating activity (Sih and Krupa 1992; Krupa and Sih 1998) . Or, an increase in the male:female sex ratio results in increased mate guarding by males (Krupa and Sih 1993; Weir et al. 2011) . Although these studies document rapid, apparently adaptive behavioral responses by individual males and females, they rarely involve changes in the group's fundamental mating system (e.g., from monogamy to harem polygyny). When might we expect the sum of individual behavioral responses to produce a change in a group's fundamental mating system? We posit that one mechanism that might yield "tipping points" between alternative mating systems might be where one or a few keystone individuals can potentially dominate a group and impose a particular mating system but where ecological or social factors can determine the ability of these keystone individuals to successfully dominate the group.
Here, we test the above idea in stream water striders, Aquarius remigis, a system where in most pools, most males are active, searching for mating opportunities but in some pools, individual keystone males, often the largest males, aggressively suppress the activity of others in the group (Sih and Watters 2005; Chang and Sih 2013; Sih et al. 2014; . We moved the same individually marked animals back and forth between 2 experimental conditions that differed in pool size and social group size. We hypothesized that because keystone males can more easily aggressively dominate smaller groups in smaller pools, these 2 conditions would differ in their fundamental mating system. Specifically, we tested the hypotheses that group size and space determine: 1) the average behavior of males and females; 2) the tendency for a single male to dominate the group; 3) mating activity and mating durations; 4) the time required for a clear, stable mating system to emerge; and 5) effects of male size and behavior on individual mating success. Our results revealed a striking example of remarkably rapid, reversible plasticity in the entire mating system induced by experimental manipulations of the physical and social space.
STUDY SYSTEM
Water striders (A. remigis) are common, diurnal, semiaquatic insects in freshwater streams and are a model system for studying malefemale sexual conflict (Rowe et al. 1994 ). In central California, A. remigis live for a year, typically overwintering as adults, and breeding the following spring, often mating one or more times a day for several weeks. Dozens of previous studies by several laboratories (Wilcox 1984; Rowe et al. 1994; Weigensberg and Fairbairn 1994; Sih et al. 2002; Eldakar et al. 2009; ) have consistently documented a mating system featuring the following elements. 1) Unmated males spend much of the day (at night, they are usually inactive) actively skating on the water and jumping on other adults, struggling and attempting to coerce mating with females. 2) Females generally resist male mating attempts. 3) Unmated females spend most of their time inactive in refuges at stream edges to avoid costly harassment but usually must move into open water to feed. 4) Once mated, females carry males on their backs for an average of 2-6 h. Paired females experience higher energy expenditure and predation risk (Fairbairn 1993; Watson et al. 1998 ) but also less male harassment allowing a greater ability to feed. 5) On average, adults spend roughly 40% of their time in copula during the mating season. 6) Larger and/or more active males tend to have higher mating success but not under all conditions (Sih et al. 2002; Montiglio et al. 2016 Montiglio et al. , 2017 . Although variation in sex ratio (Krupa and Sih 1993; Sih and Krupa 1995) , food level (Rowe et al. 1996) , interspecific competitors (Haskins et al. 1997 ) and temperature (Sih et al. 2002) have important effects on quantitative "details" (e.g., amount of activity and mating), this basic mating system, which we term "scramble promiscuity" has been consistent throughout.
A different mating dynamic occasionally emerges when 1 male in a pool (often a very large male) becomes hyper-aggressive defined as when a male not only harasses females but also continually harasses males and attempts to separate pairs (Sih and Watters 2005; Chang and Sih 2013; Eldakar and Gallup 2011; Sih et al. 2014; . Although hyper-aggressive males (HAMs) can be important in that they have large negative effects on activity, microhabitat use and mating of others in their pool, at any given time, less than 10% of large pools (the usual size examined in past studies) have a hyper-aggressive male; that is, it is rare for a single male to dominate large pools.
METHODS
Adult A. remigis of both sexes were collected from the University of California at Davis Stebbins Cold Canyon Reserve (California) during April and May 2012 and experiments were run shortly after, well before animals began to senesce. A total of 240 individuals (120 males, 120 females) were randomly assigned to groups of 12 males and 12 females and held indoors at about 21C in large fiberglass pools (152 × 61 cm, filled to a depth of 5 cm with well water). We provided ad libitum frozen crickets as food daily. The day after animals were collected, we painted numbers on their dorsal side for individual identification. Females were further marked with 2 color dots on their dorsum directly behind their head so they could be identified while mated and carrying a male. We also digitally photographed each individual to later measure total body length, measured as the length (mm) from the tip of the head to the genitals, on the ventral side. A. remigis adjust rapidly to laboratory tanks; as has been seen in numerous previous studies, within an hour or 2, they exhibited the scramble promiscuity mating system as described previously. On the second day after animals were collected, they were moved to experimental pools.
The basic experimental design involved tracking the behavior and mating success of individually marked males and females through a sequence of 3 physical/social environments, from small groups in small pools, to larger groups in larger pools, and back to small groups in small pools. At the beginning of the experiment, individuals were randomly assigned into small pools ("S1", 58 × 41 cm (0.24 m 2 ), filled to a depth of 5 cm with well water) in groups of 3 males and 3 females per pool. Groups were maintained in small pools for 6 days. They were then moved to large pools (152 × 61 cm, 0.93 m 2 ) for 3 days, with 4 small groups combined randomly to create large groups ("L", Figure 1 ). Finally, large groups were divided randomly into 4 new small groups (3 males, 3 females) and placed back into small pools for 6 days ("S2", Figure 1 ). We replaced any individual that died during the experiment with another of the same sex to maintain group densities. In each treatment, groups were held until most groups exhibited an apparently stable mating system for 3 consecutive days. Larger pools stabilized within hours (but we observed them for 3 days to confirm that they were stable), whereas smaller pools typically required 3 days to stabilize (and we observed them for 3 more days to confirm that they were stable). Numerous previous studies showed that water striders held in large pools for 10-15 consecutive days almost always maintained the scramble promiscuity system described above even if individuals were moved into new groups once or twice during that period (Sih et al. 2002; Chang and Sih 2013; Sih et al. 2014; Wey, Chang, Montiglio, et al. 2015) . Thus, observed changes in mating systems (see below) associated with moving between small and large pools are not likely to be due to time or age effects per se.
Each small pool had individual aeration tubes and a Styrofoam cube (approximated 2" × 2" × 2") in one corner to provide refuge. Large pools had 2 aeration tubes, 1 at each end, and 4 upright bricks spaced evenly along the longest edge (each brick centered and parallel with regard to the pool width) to provide refuge. Large pools were approximately 4 times the size of small pools; thus, the density of individuals was roughly constant across pool sizes. Small groups were fed 3 frozen crickets once a day, whereas large groups were fed 12 frozen crickets once a day. Crickets were removed at the end of the day after the last observations to maintain water quality. Water was added at the end of the day as needed to maintain constant water levels.
Throughout the experiment, we conducted scan observations between 900 and 1800, recording whether each individual was on the water or not, whether it was feeding or not, whether it was mated or not, and if mated, the identity of its mating partner. Thus, here, in both small and large pools, we defined "activity" as simply being on the water. Extensive preliminary observations found that in small pools, many mating durations were very short (<30 min), whereas in large pools, as in past studies, matings were overwhelmingly of the usual longer duration (several hours). Accordingly, we conducted scans in large pools every 40 min but in small pools, conducted scans every 20 min.
We identified 3 types of mating systems based on the proportion of unmated males and females observed on the water (as opposed to in refuge off the water). Scramble mating systems had more than 60% of unmated males on the water. HAM mating systems had less than 40% of unmated males are on the water (usually 1 male out of 3) and less than 10% of unmated females on the water (usually, no females on the water). Harem mating systems had less than 40% of unmated males are on the water (usually 1 male out of 3) and 33% or more of the females (usually 2 or all 3 out of 3) on the water. This project did not involve vertebrate animals and thus did not require an IACUC protocol. Nonetheless, all methods met the ABS/ASAB guidelines for ethical treatment of animals.
Statistical analyses

Individual activity in small versus large groups
We analyzed the time spent on the water by unmated individuals during each focal observation (binary variable) using generalized linear mixed models (GLMMs) with a binomial distribution. The model initially included group size (large or small), day of the observation (continuous centered variable), and their interaction as fixed effects. We also included individual identity, group identity, date, block, and trial (round 1 or 2 for small groups) as categorical random variables. Note that the "group size" fixed effect and the "group identity" random effect achieve 2 distinct goals. Whereas the "group size" fixed effect quantified whether individuals spent more or less time on the water in large versus small groups, the "group identity" random effect enabled us to account for the nonindependence of individual observations made on members of that group (i.e., it guards against pseudoreplication). In addition, the "group identity" random effect quantified the extent of stable differences among groups irrespective of their size. Likewise, "individual identity" accounted for the fact that many observations in the dataset were available for a single individual and quantified the extent of differences among individuals within a given group (e.g., when 1 dominant male is on the water, driving 2 other males off the water). Because individuals were observed in multiple groups, we did not nest individual identity within group identity. An additional random effect, including one level per observation in the dataset, was also included to control for potential overdispersion in the data. We then simplified the fixed effect structure of the model in a stepwise backward manner, removing the least significant terms, until all remaining terms were significant (Crawley 2007) . A stepwise backward approach was more appropriate then an information-criterion one because we were more interested in quantifying the temporal dynamics of individual behavior and mating systems variation than to test a set of competing hypotheses. Importantly, with our large sample sizes, we have high statistical power, and thus very low risk of rejecting important, but nonsignificant effects from our models (a potential problem with backward simplification). Proportion of unmated males (black solid line and dots) and females (gray dashed line and dots) on the water from small (S1) to large pools (L), and from large back to small (S2) pools. Proportion of males on the water differed significantly between day 6 of S1 (N = 2472) and day 1 in L (N = 1084), and between day 3 in L (N = 1320) and day 1 in S2 (N = 1775). The proportion of unmated females also differed between day 6 in S1 (N = 2472) and day 1 in L (N = 1084). However, it did not differ between day 3 in L (N = 1320) and day 1 in S2 (N = 1667). **P < 0.01. ***P < 0.001.
We tested for the significance of each random effect using a loglikelihood ratio test (LRT) with 1 degree of freedom, comparing the log likelihood of models with versus without the random effect of interest (Pinheiro and Bates 2000) . Males and females were analyzed in separate models.
Changes in mating system following changes in group size
We examined the relative rapidity of change in mating systems when the same animals were moved from small groups to large ones and back by: 1) contrasting activity on the final day (day 6) of S1 (the first round in small pools) versus the first day in large pools; and 2) contrasting activity during the last day (day 3) of being in large pools versus the first day of being back in small pools (S2).
Difference in time spent on the water by unmated males in scramble, harem, and HAM mating systems Additional models analyzed the time spent by unmated males on the water (binary variable) as a function of male body length (expressed in hundredths of millimeters relative to the group's average male body length), group mating system, days since the beginning of treatment (continuous variable centered on its mean), and their interactions as fixed effects. We included individual and group identity, date, block, and trial as categorical random effects. Group mating systems differ, by definition, in activity; thus, we do not report that result. Instead, we focus on differences in activity between the largest, smallest and intermediate-sized males in the 3 mating systems. In particular, we test the hypothesis that relative size explains relative activity in small pools with HAM or harem mating systems (e.g., whether the largest male dominates and drives one or both of the other smaller males off the water), whereas relative male size has relatively little effect on relative activity in scramble mating systems regardless of pool size. The models also included a variable with one level per observation to account for potential overdispersion. The models were simplified in a stepwise backward manner and significance of random effects was tested using an LRT.
Mating duration and frequency in scramble, harem, and HAM mating systems
We analyzed how male time spent on the water when unmated affected their mating success in the 3 mating systems. We analyzed mating duration (in minutes) and frequency (number of matings per male per day) using GLMMs (Poisson family). Models initially included the male's average time spent on the water when unmated, days since the beginning of the treatment, group mating system, and their interactions as fixed effects. We included individual and group identity, date, block, and trial as categorical random effects. We also included a variable with one level per observation to account for potential overdispersion. The models were simplified in a stepwise backward manner and significance of random effects tested using an LRT.
RESULTS
All large pools (10 out of 10) exhibited the scramble mating system previously observed in larger pools. In contrast, in small pools, after 4-6 days, only 29% of the pools had a scramble system. Instead, 66% of the small pools (50/76) developed a harem system (see the definition of these systems at the end of the Methods section) and the remaining 5% (4/76) were controlled by a HAM. Small and large pools exhibited highly significant differences in their relative frequency of the scramble mating system (χ 2 = 19.09, df = 1, P < 0.001). Thus, there were 4 possible group-mating system combinations that emerged: large group scramble, small group scramble, small group harem, and small group HAM.
Full model estimates for all of the following results are in Supplementary Materials.
Female and male activity in small and large pools
Full results for GLMMs on male and female activity are shown in Supplementary Appendices 1 and 2 . In small pools, in both rounds (S1 and S2), the proportion of unmated males on the water in small pools was initially high (around 90% on day 1; Figure 1) , decreased over the next 3-4 days (linear day effect = −0.68 ± 0.01, z = − 48.42, P < 0.001) but then stabilized at around 50% (quadratic day effect = 0.15 ± 0.01, z = 18.97, P < 0.001) for days 4-6. Groups differed significantly and individual males within groups differed significantly in time spent on the water; that is, some exhibited a scramble mating system, others, a harem or HAM mating system (individual random effect = 12.20, log-likelihood ratio test = 7174.53, P < 0.001, group random effect = 11.33, log-likelihood ratio = 4940.37, P < 0.001, Figure 2 ). In contrast, in the large groups, the proportion of unmated males on the water increased across the 3 days of observation (linear day effect = 0.91 ± 0.13, z = 7.04, P < 0.001, Figure 1 ). Also in contrast to small pools, there was less variation in male activity among individuals (individual random effect = 3.95, log-likelihood ratio = 331.48, P < 0.001) and no significant variation among groups (group random effect < 0.01, log-likelihood ratio < 0.01, P > 0.999, Figure 2 ).
Female activity in small pools did not vary during the 6 days of observation (linear and quadratic day effects rejected from the model with P > 0.2). Females activity varied significantly among individuals and among groups, although to a lesser extent than male activity (individual random effect = 1.55, log-likelihood ratio test = 2464.41, P < 0.001, groups random effect = 1.08, log-likelihood ratio test = 901.05, P < 0.001). In large pools, the proportion 
Figure 2
Proportion of unmated males and females on the water in small pools over days 4, 5, and 6 (black circles) in the small pools and over the 3 days in large pools (gray circles). The sizes of the circles are proportional to the number of pools (N = 76 small pools and 10 large pools). The total number of small and large pools in each region are displayed at the lower left corner.
of unmated females on the water also remained stable over the 3 days of observation (linear and quadratic day effects rejected from the model with P > 0.3). In large pools, we again detected significant differences among individual females in activity (individual random effect = 1.60, log-likelihood ratio = 222.19, P < 0.001) but not among groups (group random effect = 0.13, log-likelihood ratio = 1.81, P = 0.178).
Differences in time spent on the water and mating systems following changes in group size
When water striders were transferred from small groups in small pools to larger groups in larger pools (Figure 1 : compare day 6 in S1 to day 1 in L), within 1 day, unmated males significantly and substantially increased their probability of being on the water (effect size for the difference between the last day of S1, and the first day in L = 4.10 ± 0.25, z = 16.40, P < 0.001), while unmated females significantly decreased their activity (difference between the first day in L and the last day in S1 = −1.29 ± 0.45, z = −2.84, P = 0.004).
In contrast, when the same water striders were transferred from large pools back to small pools, after 1 day (Figure 1 : compare day 3 of L to day 1 of S2), males initially only slightly decreased their activity (difference between the last day in L and the first day in S2 = −1.75 ± 0.33, z = −5.19, P < 0.001) and females did not significantly alter their activity (difference between the last day in L and the first day of S2 = 0.25 ± 0.41, z = 0.61, P = 0.543).
Scramble, HAM, and harem mating systems
As noted above, small and large pools exhibited highly significant differences in their relative frequency of alternative mating systems (Figure 2 ). Additionally, in small pools, males exhibited substantial individual differences in activity in pools with HAM and harem systems (individual random effects in HAM small pools = 24.81, LRT = 944.01, P < 0.001; in harem small pools = 12.63, LRT = 5249.73, P < 0.001), whereas they exhibited much less individual variation in small and large pools with a scramble mating system (individual random effect = 2.60, LRT = 696.94, P < 0.001; Supplementary Appendix 3). In small pools that developed a HAM or a harem mating system, the relative activity of the largest, smallest, and middle-sized males diverged substantially over time (Figure 3a , b; size × day effects all had P < 0.001). By days 5 and 6, the largest male in these pools was active most of the time, the middle-sized male was active about one-third of the time, and the smallest male was the least active (Figure 3a, b) . That is, the alpha male in harem and HAM pools tended to be the largest male in the pool. In pools with a scramble mating system (including both large and small pools), the largest male also tended to be more active than other males, and this pattern became more clear over time; however, the effect of male size on activity was much less striking than in harem or HAM pools (Figure 3c ). Full results for GLMMs for mating duration and mating frequency are shown in Supplementary Appendices 4 and 5. Water striders in small pools displayed much shorter mating durations than those in larger pools (Figure 4a) . Notably, in small pools that developed a harem mating system, mating durations decreased over the 6 days in treatment (day effect in harem = −1.41 ± 0.56, z = −2.52, P = 0.011). Small pools with a scramble mating system also tended to exhibit shorter mating durations over time; however, this effect was not quite significant (day effect in scramble = −1.04 ± 0.57, z = −1.81, P = 0.069). In contrast, in small pools with a HAM system, mating durations did not change over time (day effect in HAM = −1.92 ± 3.24, z = −0.59, P = 0.554) and in larger pools, mating durations increased over time (day effect = 1.13 ± 0.45, z = 2.48, P < 0.013).
Mating frequencies (number of matings/male/day) were also substantially lower in smaller pools than larger pools, irrespective of the mating system in the smaller pools (Figure 4b ). For mating activity (proportion of time that individual males spent in copula, proportional to mating frequency × average mating duration), large and small tanks within groups a) in small groups with a HAM mating system, b) in small groups with a harem mating, and c) in large groups (gray lines and points) and small groups (black lines and points) with a scramble mating system.
with scramble mating systems did not significantly differ in mating activity (estimate = 0.06 ± 0.30, z = 0.21, P = 0.831) but small tanks with HAM (estimate = −4.33 ± 0.41, z = −10.34, P < 0.001) or harem systems (−3.25 ± 0.22, z = −14.64, P < 0.001) had significantly lower mating activity than small tanks with the scramble mating system. Irrespective of mating system, males that spent more time on the water (when unmated) tended to secure more matings (estimate = 0.70 ± 0.11, z = 6.58, P < 0.001). In contrast, time spent on the water by males when unmated did not affect mating duration (all effects including time spent on the water were rejected from the model with P > 0.3).
DISCUSSION
Species have traditionally been characterized as having fixed mating systems; for example, as being monogamous, or polygynous. In fact, populations can exhibit both spatial and temporal variation in mating systems (Zabel and Taggart 1989; Krupa and Sih 1993; Svensson 2008, 2009 ). Although spatial/temporal variation in sexual selection and in mating systems can have critically important effects on evolution, recent reviews have noted the perhaps surprising paucity of studies on this variation (Bussière et al. 2008; Cornwallis and Uller 2010) . We suggest that to understand variation in mating systems, it is important to understand the behaviors of individuals within the group, which depend on the individual's behavioral types (Sih et al. 2004) and their responses to variation in ecological and social conditions (Sih and Bell 2008; Sih 2013; Montiglio et al. 2013) . Although this complex mix often results in relatively minor variation in the overall mating pattern, under the right circumstances, it can produce a change to a fundamentally different mating system. Here, we studied the behavioral and social dynamics underlying rapidly, reversible variation in mating systems in the stream water strider, A. remigis.
In nature, A. remigis breed in classic "pool-riffle" streams with a mix of larger pools connected by riffles each with numerous small pools and eddies. Earlier field surveys showed that larger pools often have a large number of water striders, often with a male-biased sex ratio, whereas small pools typically have only 1 or 2 large males with several females (Krupa and Sih 1993; . We experimentally manipulated pool size and group size and quantified rapid, reversible shifts in the fundamental mating system that corroborated the hypothesis that in smaller pools with smaller social groups, a single male can dominate the group, suppress the activity of others, and control the overall mating system, whereas in larger spaces with more animals, no individual male could do this. That is, environmental factors that influence the ability of keystone individuals to dominate a group can govern "tipping points" between alternative social/mating systems. Before we describe the nature of these alternative mating systems in more detail, it is worth clarifying the distinction between simply changes in individual behavior versus shifts in the group's overall fundamental mating system. Many previous studies have found that alterations in social or ecological conditions can induce major changes in individual behavior; however, these often involve parallel behavioral shifts for the large majority of individuals in the group, or at least for members of each sex. For example, increased predation risk typically causes most individuals in the social group, male and female, to hide more and mate less readily (see earlier references). In contrast, here, we found that different males responded very differently to the environmental manipulation (some males got more active while others got much less active) and that males responded differently from females. In addition, and perhaps even more importantly, as summarized below, the structure of social and mating interactions was quite different in the different conditions. Although much of this appears to be driven by the overriding influence of the emergence of a keystone individual; nonetheless, we suggest that it is reasonable to refer to the observed mix of disparate individual responses as not just a set of changes in individual behavior, but instead, a shift in the overall mating system.
In particular, our study revealed something new and unexpected relative to dozens of previous studies by several labs over 3 decades (see the Introduction section for some references). We found that in small pools (that are very common in small streams naturally inhabited by this species) with only 3 males and 3 females, a mating system emerged that is fundamentally different from the model system of sexual conflict that is commonly viewed as "the norm" for this system (Rowe et al. 1994) . In most of our small groups in small pools, 1 male (the "alpha male," typically the largest male) drove the other 2 males into hiding (off the water) but in most cases, left females unharassed. Females were thus free to be on the water most of the time. Typical mating durations were only 30 min (roughly, the time taken to transfer sperm; Vermette and Fairbairn 2002) instead of several hours. We hypothesize that because other males were driven off the water, the alpha male had less need to mate repeatedly, and little need to guard females after transferring sperm. Indeed, if the alpha male guarded a female (by riding on her back for several hours), he would be less able physically to keep other males off the water. In essence, instead of the usual system seen in larger pools where most males are actively searching for and harassing females, with strong, male-male scramble competition for access to females, and sperm competition with mate guarding (Sih and Krupa 1995; Sih et al. 2002) , in smaller pools, we often observed a system that resembles harem polygyny with strong interference competition dominated by an alpha male restricting access of other males to females.
The switch between the usual scramble mating system with sexual conflict to a single "alpha" male dominated system was remarkably rapid and reversible. Qualitatively, the striders exhibited their usual scramble mating system in their large, holding pools before the experiment began. It took, on average, about 4 days for alpha male systems to develop in small pools, suggesting that individuals need to interact repeatedly in order to develop consistent differences in behavior within a tank. It is increasingly recognized that repeated social interactions among individuals is an important driver of consistent differences in behavior (Montiglio et al. 2013; Laskowski and Pruitt 2014; Modlmeier et al. 2014b; Sih et al. 2015; Laskowski et al. 2016) . Conversely, when moved to larger pools, these same striders switched back to the usual scramble system much more quickly (within 1 day). Hence, the scramble system seems to be less contingent on repeated interactions among individuals. This could arise because the number of interacting individuals in larger groups is too large to allow individuals to track their social environment and "learn" each other's social role. When returned to smaller pools a second time, it again took about 4 days for most groups to switch back again to the alpha male systems. To emphasize, however, alpha males did not come to dominate in all small pools. In a separate paper, we present analyses on factors that explain why some small groups in small pools developed a harem or HAM mating system while others retained a scramble mating system (Montiglio et al., unpublished data) . Note that in small pools and groups that developed a stable alpha male system, reduced harassment of females by the alpha male should benefit both females, the alpha male and the overall group (Eldakar and Gallup 2011; Pizzari et al. 2015) . Females obviously benefit by having greater access to food. Because well fed female water striders lay new batches of eggs every 1-2 days, increased access to food can translate rapidly into increased fecundity both for individual females and for the overall group. Assuming that the alpha male maintains his dominance and successfully keeps other males from sneaky matings, the enhanced egg production will likely be his offspring.
In the previous paragraphs, we focused on the striking plasticity of the overall mating system. An associated fact is that most individual water striders exhibited substantial and often quite rapid behavioral plasticity when switched between small and large pools and groups. This does not, however, conflict with the observation in previous studies that individual male and female water striders exhibit behavioral consistency (i.e., activity and aggression behavioral types; Sih and Watters 2005; Sih et al. 2014; Wey, Chang AT, Montiglio, et al. 2015) . A growing literature emphasizes (using a behavioral reaction norm framework; Dingemanse et al. 2010 ) that individuals can both be behaviorally plastic and exhibit individual differences in both average behavior (i.e., in behavioral type or personality) and in degree of behavioral plasticity (Stamps 2016) . Indeed, our recent work showed that water strider males differ in average activity and aggressiveness and in social plasticity and that all 3 of these behavioral tendencies affect mating success in the "standard" scramble polygyny system seen in larger pools .
At the individual level, when 1 male dominates a group, a key question is-what traits characterize that alpha male? Here, in small pools with a harem or HAM mating system, a male's relative size had a strikingly strong effect on his tendency to become the alpha male. This pattern, in itself, is not surprising. Larger males often win contests and are often more likely to take on the alpha male role (Andersson 1994) . Here, the largest male in a small pool was typically only about 10-20% larger (in body length) than the smallest male; however, that relative difference was large enough to influence their expected roles in the mating system. Perhaps not surprisingly, males that were more active (which in harem pools was always the alpha male) typically had higher mating success. Earlier studies with water striders engaged in the usual scramble mating system also showed that more active males tend to have higher mating success (Sih et al. 2002; Sih et al. 2014 ). Thus we found that this pattern also holds under the fundamentally different harem mating system. Ongoing work focuses on the question of whether there are carryovers across pool/group size treatments, that is, whether the same males tend to become dominant and to what extent relative size or behavioral carryovers determine this. A particularly intriguing possibility is the hypothesis that alpha males in small pools have a tendency to be hyper-aggressive in larger pools, despite costs of hyper-aggression in those larger pools (Sih et al. 2014) .
Our study documented fascinating inducible variation in mating systems by manipulating simple environmental and social conditions. This qualitative change from a promiscuous scramble mating system characterized by high sexual conflict to harem polygyny with low levels of female harassment is, to our knowledge, unprecedented in its rapidly reversible quality. Such major changes in mating systems and the mechanisms driving them have far reaching implications for the evolution of sexual traits and individual mating tactics and the possibility of these rapid switches in other systems deserves more attention. Future studies should focus on understanding how the consistency, flexibility, and responsiveness of individual behaviors can lead to these striking tipping points.
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